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Abstract: Surveys were conducted for Barstow woolly sunflower (Eriophyllum  mohavense)  in Spring 1995 on Edwards Air
Force Base, California. These surveys were conducted in three previously known populations and in 47 areas of potential
habitat to document the presence or absence of Barstow  woolly sunflower on the base and to determine the number of
individuals and population areas of the species on the base. Surveys detected 98,760 Barstow  woolly sunflowers in populations
of up to 82,183 plants in population areas of up to 15 hectares, ahhongh  many subpopulations were less than 0.025 hectares
in area. A detailed survey consisting of three observation periods and two population size surveys were conducted in previously
known populations. Seventy percent of the measured samples were in bud  or bud and flower  during Observation A, 94 percent
were in flower during Observation B, and 91 percent were in fruit or past the fruiting  stage during Observation C. A total of
3,635 individuals were found  during  the hvo population size surveys. Seventeen populations were found during the 47 potential
habitat surveys. The newly reported populations were found  within the previously reported geographic range of the species on
the base. Ninety-five percent of the populations were found in zonal  habitats of halophytic phase saltbush  scrub with one
population in Joshua tree woodland zonal  habitat with  halophytic phase saltbush  scrub nnderstory.  The most common aeonat
habitat, clay pan, was reported in 85 percent of the survey areas where Barstow  woolly sunflower was found. Seventy-five
percent of the populations were found in association with alluvial  plain geomorphology. Clay and silt soil components were
the dominant soil textnres  found. No incidental detections occurred on the base during  the Spring 1995 sensitive plant species
surveys.
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for desert annuals. Barstow  woolly sunflower has been previously reported to occur in creosote bush scrub and arid

phase saltbush scrub plant communities, sometimes with scattered Joshua trees as an overstory at elevations

between about 500 and 1,100 m. This species often occurs in barren, open areas without shade from shrubs and

with little competition from other plants. Common associates are pepper grass (Lepidiumflavum)  and Mojave

spineflower (Chorizanfhe spinosa),  a CNPS watch list species (Skinner  and Pavlik 1994; Charleton 1993b).

Prior to 1982, Barstow  woolly sunflower had been recorded from two sites near Barstow,  California. Between 1982

and 1986, 15 new populations were discovered between Barstow  and Kramer Junction, and in 1987 seven more

were discovered between Kramer Junction and Boron, north of Highway 58 (ERT 1988a). Since 1987, additional

populations have been discovered north of Barstow  (CDFG 1994),  between Barstow  and Kramer Junction (ERT

1988a; Dames and Moore 1993),  and south of Kramer Junction, just west of Highway 395 (Dames and Moore

1993). Two populations of Barstow  woolly suntlower were first identified on Edwards AFB in 1991 during spring

surveys of potential habitat on the base (Charlton 1993a). By 1993, four widely spaced populations had been

reported on the base (Mitchell et al. 1993) (Figure 1). The populations on Edwards AFB represent the westernmost

extension of the species, with the population on the hills adjacent to Buckhom Lake about 27 km west of the nearest

population.

The primary purpose of this survey was to determine the presence or absence of Barstow  woolly sunflower in

different areas of the base in 1995; and to determine the number of individuals, location, and extent of certain

populations on Edwards AFB. This determination could aid in the development of a management plan to protect

sensitive species with minimal impact to the Edwards AFB mission.

STUDY AREA

The study area for these surveys is consistent with the boundaries of Edwards AFB, California. Within the study

area, 50 survey areas were determined in consultation with the base biologist (Figures 2 and 3, Table 1). Three

of these were surveys of known populations of Barstow  woolly sunflower: 1 detailed survey and 2 population size

surveys. Forty-seven were established to survey areas of potential habitat for the species. All Barstow  woolly

suntlower  survey areas were located within the previously known general range of the species on Edwards AFB.











7

METHODS

These surveys were originally scheduled during Spring 1994; however, reconnaissance surveys revealed little or

no germination of Eriophyllum  species at known population sites, probably due to below average rainfall. After

consultation with the base biologist, the surveys were postponed until the 1995 growing season. Field investigations

were conducted between March 15 and May 5, 1995 when Barstow  woolly sunflower was expected to be evident

and identifiable and to coincide with known flowering and fruiting periods.

Three types of surveys were conducted: 1 detailed survey, 2 population size surveys, and 47 potential habitat

surveys. The detailed survey was conducted within a known population to record the size and location of the

population and to collect individual plant data that will characterize aspects of plant growth and distribution.

Population size surveys were conducted to record the area and number of individuals in known populations and

to delineate population boundaries using global positioning systems (GPS) technology. Potential habitat surveys

were conducted to determine the presence or absence and number of individuals in selected areas of the base,

Trimble GeoExplore?  GPS receivers were used to delineate the location of each survey area boundary. Other

features recorded were areas, points, and lines indicating plant population locations. For populations larger than

50 square meters, the population boundary was recorded as a polygon. For populations smaller than 50 square

meters, a single point near the center of the population was recorded. For populations that were linear (such as

those found in a drainage) the population was recorded as a line. Data requirements for these surveys were

collected in accordance with the Edwards AFB Geographic Information System (GIS) data dictionary. Table 2

summarizes the types of data collected for the surveys of known populations (detailed and population size surveys)

and potential habitat surveys, along with the method used in the collection of that data. Survey areas were located

with the assistance of botanist David Charlton using U.S. Geological Survey (USGS) maps. Transect orientation

was established and maintained by use of compass and flagging tape. Field forms developed by the CNPS were

completed for each population.
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Population sizes ranged from 29 to 3,124 plants, excluding the detailed survey area where a peak of 82,183 plants

were estimated during Observation B. Population areas were generally small, ranging from 0.0045 to 1.6 hectares

(ha), excluding the detailed survey area which covered approximately 15 ha. The plants in these population areas

were not evenly distributed, but were generally clumped into subpopulations. Thirty-seven subpopulations were

recorded in 8 of the survey areas and 35 subpopulations occurred in the detailed survey area. Many of these

subpopulations were less than 0.025 ha in area. For the 20 survey areas where Barstow  woolly sunflower was

found, population densities ranged from 0.04 to 5.11 individuals per square meter (Table 4).

Ninety-five percent (19 of 20 survey areas) of the Barstow  woolly sunflower populations were found in zonal

habitats of halophytic phase saltbush  scrub with one survey area in Joshua tree woodland zonal habitat with

halophytic phase saltbush scrub understory. The most common azonal habitat was clay pan, which were reported

in 84 percent of the survey areas where Barstow  woolly sunflower was found. Other azonal habitat found were

dunes (3%) and rock outcrops and hillsides (13%). The majority of Barstow  woolly sunflower populations (75%)

were found in survey areas with alluvial plain geomorphology. Other geomorphologies found were hill, ridge,

slope, alluvial fan, dune, and pan. Other plants observed in these areas include two varieties of saltbush  (Atriplex

spinifera  and A. conferti~olia),  creosote bush (Larrea  tridentata), Joshua tree (Yucca brevifolia),  burro-weed

(Ambrosia dumosa), Schismus  barbahzs,  peppergrass, tilaree (Erodium  cicutarium),  goldfields (Lasthenia

chrysostoma), and Chorizatzthe spinosa.
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During Observation C, a total of 23,009 individuals were estimated in the detailed survey area. This represents a

72 percent decrease from Observation B and a 38 percent decrease from Observation A. A total of 8,303 plants

were counted in the 11 subpopulations randomly chosen to be resampled. No new subpopulations or subpopulation

extensions were recorded during Observation C.

Barstow  woolly sunflower was observed in distinct phenological stages during the three observations (Table 7). The

majority of the measured sample during Observation A were in bud or bud and flower (70%),  while nearly all of

the remaining (23 %)  were in the vegetative stage. During Observation B, 94 percent of the measured sample were

in phenological stages that included flowers. At Observation C, 91 percent of the measured sample were in fruit

or past the fruiting stage. Based on the estimate of the number of individuals during Observation B, 59 percent of

the total population had already desiccated and were unidentifiable by this time.
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Population Size Surveys
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Two population size surveys were conducted (Table 5). In one survey area, northwest of Leuhman  Ridge, 1 ha tias

surveyed, and a population of 511 individuals was counted in an area of about 0.01 ha. In the other area, near

Buckhorn  Lake, an area of 3.6 ha was surveyed and approximately 3,124 plants were found in 1.6 ha.

Potential Habitat Surveys

Table 9 presents data collected for the 47 potential habitat survey areas. Seventeen of these 47 potential habitat

survey areas were found to contain Barstow  woolly sunflowers. Sixteen of the potential habitat survey areas in

which Barstow  woolly sunflower was found had halophytic phase saltbush scrub as their zonal habitat. One survey

area had Joshua tree woodland as the zonal habitat. The most common azonal habitat in the potential habitat survey

areas where Barstow  woolly sunflower was found was clay pans, recorded in 88 percent of the survey areas. The

remaining 12 percent of these survey areas contained dune and rock outcrop and hillside azonal habitat. The

dominant geomorphology found in the survey areas where Barstow  woolly sunflower was found was alluvial plain,

recorded in 77 percent of the survey areas. Other geomorphologies recorded were slope, hill, alluvial fan, dune,

and pan. Soil textures in the survey areas where Barstow  woolly sunflower was found were dominated by silt and

clay components often with a gravelly or rocky surface texture. Elevation of these survey areas ranged from 713

to 796 m. Slopes were nearly flat averaging 3 percent with aspects ranging from west, northwest, north, northeast,

and southeast. Three of these aspects, northwest, northeast and west together account for the recorded aspect in

85 percent of the survey areas where Barstow  woolly sunflower was found, Northwest was the most prevalent

aspect, recorded in 35 percent of the survey areas. Northeast and west were recorded as the aspect in 29 and 21

percent of the survey areas respectively. The remaining survey areas contained aspects of southeast and north.
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reported in 1992 at the two sites with previously reported data. The current survey also documented 17 new

populations on the base. Increases in the number of sites and numbers of plants are probably due to the drought

conditions from the late-1980s through 1994 when some surveys were conducted (Charhon  1993b).  and the

increased precipitation and favorable weather conditions during the 1995 season, which yielded an apparent

increase in the number of sites and plants. There have been few surveys for Barstow  woolly sunflower conducted

in the past, and most of the previous surveys were conducted in less favorable weather conditions. The Spring

1995 surveys are the first to calculate the plant density (number of individuals per unit area) for the Barstow  woolly

sunflower  populations on Edwards AFB. This survey could be used as a baseline against which future surveys could

be compared. These future studies could examine if any changes in the densities of these populations of Barstow

woolly sunflower could be associated with weather conditions or other factors.

Population counts for Barstow  woolly sunflower at the detailed survey area show a substantial increase in the

numbers of plants from Observation A to Observation B and a substantial decrease from Observation B to

Observation C, which documents the short time frame in which individual Barstow  woolly sunflower plants

complete their life cycle.

The population increase from Observation A to Observation B and the reported phenological stages of the measured

sample (all were in bud, flower or fruit) suggest that there may have been small, nonflowering individuals present

at Observation A that were not detected. By Observation B, these plants had grown larger and were in flower,

making them easier to detect and count. The advanced phenological condition of more than 90 percent of the plants

observed during Observation C provides evidence that the population decrease observed from Observation B to

Observation C was due to plants completing their life cycle by setting seed (fruit stage), desiccation, then the

broken parts being dispersed by the wind. Because Barstow  woolly sunflower is difficult to detect when flowers

are not evident, an accurate census of this species is best obtained during the flowering period. Future monitoring

for this species should consider this factor. The flowering period at the Lakeshore Drive detailed survey area

occurred several weeks earlier during this survey than in surveys conducted in 1992 (Charlton 1993b). The

variation in flowering period has been observed in other Barstow  woolly sunflower sites and is a general pattern

for desert annuals. Because of this variation, any future surveys should be conducted in March, April, or May when

flowering is expected, but the precise timing for any given year cannot be predicted more than a few weeks in

advance. Plants with larger diameter were not necessarily taller, at least not until late in the season. The results

could be explained by the observation that plants do not begin to grow dramatically in height until flowering ceases

and are correlated with the fact that plant height was significantly different between Observations B and Observation

C .
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Zonal and azonal habitats where Barstow  woolly sunflower was found wemvery  consistent throughout the survey

areas. Halophytic phase saltbush scrub was the zonal habitat in 95 percent of the survey areas and clay pans were

the azonal habitat in 85 percent of the survey areas. This suggests that halophytic phase saltbush scrub zonal habitat

could be considered as important habitat for Barstow  woolly sunflower. In the potential survey areas where

Barstow  woolly sunflower was not found(Table  9) there was a great diversity of zonal habitats recorded. Fifty-six

of the survey areas had halophytic phase sahbush scrub recorded as the zonal habitat which means that 43 percent

of these survey areas contained different zonal habitats than halophytic phase saltbush  scrub. This is a substantial

number when compared to the single area without halophytic phase saltbush scrub as the zonal habitat in the survey

areas where Barstow  woolly sunflower was found. Clay pan azonal habitat, although the major azonal habitat

recorded in areas where Barstow  woolly sunflower  was found, was also found in a similar number of survey areas

where Barstow  woolly sunflower was not found. Although clay pan azonal habitat may be an important habitat

for Barstow  woolly suntlower,  this survey did not show this. Barstow  woolly sunflowers found on Edwards AFB

occurred mainly in areas with alluvial plain geomorphology which is consistent with previous observations and

shows that this geomorphology may be an important habitat characteristic for Barstow  woolly sunflower.

Previous reports indicated that peppergrass and Chorizanthe  spinosa  are common associates of the Barstow  woolly

sunflower (Skinner and Pavlik 1994; Charlton 1993b). The current survey reported peppergrass in 10 of the 20

survey areas (50%) where Barstow  woolly sunflower occurred, and Chorizanrhe  spinosu  was recorded in 14 of

these survey areas (70%). Peppergrass was only found in 4 of the 30 survev  areas (13%) where Barstow woollv
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thereby creating the open areas where Barstow  woolly sunflower typically grows. As a small, short-lived annual,

the root system becomes adequately established in the zone overlaying the more massive horizon. A shallow surface

layer of gravelly sandy loam, with moderate alkalinity and slightly hard consistency occurred in the upper 2 inches

of both soils that supported and conversely did not support Barstow  woolly sunflower.

Weather conditions did not appear to have any effect on the detection of individuals or populations although

conditions varied greatly throughout the survey period. Maximum and minimum temperatures differed as much

as 17 degrees C throughout the survey period. Wind direction was fairly consistent throughout the survey period

(from the southwest or west) with wind speeds varying from 1 to 50 kilometers per hour.

The newly reported Barstow  woolly sunflower populations were found within the previously reported geographic

range of the species on the base. The distribution of populations was scattered, and additional populations may

occur in areas not surveyed. The northeastern portion of the base, from Kramer Junction west to Rogers Lake,

appears to have the greatest potential for additional populations. Additional surveys in habitats similar to those

which support the two populations on the hills adjacent to Buckhom Lake could also be informative. Two

populations on the hills adjacent to Buckhom Dry Lake were found in an area with steeper slopes (10 to 15 degrees)

and different habitat features (rock outcrops and hillsides) than have been previously identified (Charlton 1993b).

Many areas in the western portion of the base were not surveyed and may contain potential habitat for Barstow

woolly sunflower. Additional surveys could be conducted in this part of the base to determine the presence or

absence of Barstow  woolly suntlower.  Further quantitative studies could be conducted to determine whether there

are indicator species (such as pepper grass or Mojave spineflower) and indicative geomorphic and soils components

that could be used to predict the occurrence of Barstow  woolly sunflower.
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